The supersymmetric QCD corrections to the hadronic width of a heavy charged Higgs boson, basically dominated by the top-quark decay mode H + → tb, are evaluated at O(α s ) within the MSSM and compared with the standard QCD corrections. The study of such quantum effects, which turn out to be rather large, is essential to understand the hypothetical supersymmetric nature of a heavy charged Higgs boson potentially produced in the near future at the Tevatron and/or at the LHC.
After the discovery of the top quark at the Tevatron [1] , the "next-to-leading" task in order of importance in Particle Physics is the search for Higgs bosons. Indeed, whereas the finding of the top quark completes the spectrum of matter fields in the Standard Model (SM) and it was a necessary condition for the SM to be correct, it is not at all a sufficient condition. The decisive proof lies in the nature of the spontaneous symmetry breaking mechanism (SSB). Thus the very crucial question is still left pending: is the SSB caused by truly fundamental scalars or is it triggered by a dynamical mechanism involving a new species of fermions and/or a new strong interaction force?. This question is as old as the proposal for the first serious extensions and alternatives to the SM, namely, Supersymmetry (SUSY) and Technicolour. Here we will be concerned with the Minimal Supersymmetric Standard Model (MSSM) [2] .
In the near and middle future, with the upgrade of the Tevatron, the advent of the LHC, and the possible construction of an e + e − supercollider, new results on top quark physics, and perhaps also on Higgs physics, will be obtained in interplay with Supersymmetry that may be extremely helpful to complement the precious information already collected at LEP from Z-boson physics. Here we wish to dwell on the phenomenology of supersymmetric Higgs boson decays into hadrons with an eye on these future developments. Two basic parameters are needed to deal with the (tree-level) MSSM Higgs sector, namely (M A 0 , tan β) [3] . In the present study (see also the companion paper [4] ), it will be useful to divide the supersymmetric Higgs parameter space into two mass segments: light CP-odd higgses (M A 0 < M Z ) and heavy CP-odd higgses (M A 0 > M Z ). However, since these segments are unequally sensitive to large and small values of tan β, it will prove convenient to define the following two relevant regions of the (M A 0 , tan β)-parameter space.
One of them, call it Region I, is characterized by Higgs masses in the light segment together with large values of tan β of order ∼ m t /m b . The other region (Region II) consists of Higgs masses in the heavy segment in combination with more moderate values of tan β,
In Refs. [6, 7] , whose notation and definitions we shall adopt hereafter, we studied the impact of Region I on the top-quark decay process. Here we will focus on a related process, namely, the top quark decay mode of a charged supersymmetric Higgs, H + → tb, which is allowed in Region II, provided that M A 0 > ∼ 160 GeV . We shall again be partially concerned with Regions I and II in the companion paper [4] , where we round off our study by addressing the quark-antiquark decay modes of the three neutral Higgs states of the MSSM.
1 Incidentally, we note that Regions I and II correspond (approximately) to domains of the (M A 0 , tan β)-plane formerly used [5] to alleviate some of the -still not completely banished-Z-boson anomalies, where in addition it was required the concurrence of a chargino and a stop both as light as permitted by phenomenological bounds, namely, of about 60 − 70 GeV . The relevant SUSY-QCD one-loop decay diagrams constructed from gluinos and squarks (stop and sbottom species) are seen in Fig.1a . In Fig.1b we sketch one possible mechanism that could be used at the LHC to annually produce ∼ 10 4 − 10 6 charged Higgs particles of a mass comprised between a few hundred GeV up to about 1 T eV for a luminosity of L ∼ 10 34 cm −2 s −1 [10] . There are both the tb-and bt-fusion mechanisms, which are to be treated together with the processes gb → H +t and g b → H − t as carefully explained in [11] . Trigging on a top quark in association is very useful to avoid the signal being swamped by huge backgrounds. These mechanisms are primarily initiated by two highly energetic gluons, and use as a production vertex the very same decay vertex that we wish to study. We point out, in passing, that these diagrams also contribute to the cross-section for single top-quark production, whose measurement is one of the main goals at the next Tevatron run (Run II). It is not our aim to give the complete list of diagrams, but it is clear that these production mechanisms could be rather efficient in the colliders, for the H + tb-vertex can be strongly enhanced and result in a very distinctive phenomenology as compared to the experimental expectations for the SM Higgs production, typically through (one-loop) g g-fusion [10] . Most important, in the MSSM the H + tb-vertex can receive significant corrections (in some cases of order 50%) which could play a decisive role to disentangle whether a charged Higgs hypothetically produced in a hadron collider is supersymmetric or not.
To evaluate the relevant corrections to Γ ≡ Γ(H + → tb) in the MSSM, we shall adopt the on-shell renormalization scheme [12] where the fine structure constant, α, and the masses of the gauge bosons, fermions and scalars are the renormalized parame-
..). The interaction Lagrangian describing the H + tbvertex in the MSSM reads as follows:
where 
with
The counterterms are computed in the on-shell scheme from the SUSY-QCD interaction
Lagrangian involving squarks and gluinos [2] . The explicit results, which we refrain from repeating here, are common to those in Ref. [7] . As for the vertex form factors, they depend not only on pure strong supersymmetric interactions but also on the Higgs-stopsbottom semiweak interaction Lagrangian [2] . One finds (summation is understood over indices a, b = 1, 2):
where
) are standard three-point functions [6] also carrying indices a, b summed over; C F = (N 2 C − 1)/2N C = 4/3 is a colour factor obtained after summation over colour indices, and
The 2 × 2 rotation matrices
plaguing the previous formulae relate the weak-eigenstate squarksq ′ a = {q L ,q R } to the mass-eigenstatesq a = {q 1 ,q 2 } as follows:
the corresponding stop and sbottom mass matrices, whose standard form is well-known [2] but we will quote here explicitly for convenience:
From the renormalized amplitude (2) the width of H + → tb, including the one-loop SUSY-QCD corrections, is the following:
where the lowest-order result is
with λ(1,
, and
The numerical analysis of the strong supersymmetric corrections to Γ(H + → tb) is presented in Figs.2-5 . In all figures where the Higgs mass is fixed, we take M H + = 250 GeV , and we define α s = α s (M H + ) by means of the (one-loop) expression
We treat the sbottom mass matrix (9) assuming a non-zero mixing parameter M b LR . Once µ and tan β are given, we use A b as one of the inputs. However, for the sake of simplicity we assume that θ b = π/4, so that the two diagonal entries are equal to a common value. We denote by mb 1 the lightest sbottom mass-eigenvalue and take it as the remaining input; typically, it is bound to satisfy mb
, it follows that the stop mass matrix depends on one remaining parameter which can be taken as A t .
To start with the numerical analysis, we study the dependence of the SUSY-QCD effects on the crucial parameter tan β. In Fig.2a we plot the SUSY-QCD corrected width, Therefore, within the limits of Region II, the top quark decay of the charged Higgs is, by far, the most relevant decay mode to look at.
In considering the various parameter dependences, we present the results of our analysis in terms of the quantity
which gives the relative correction with respect to the tree-level width. At large tan β, the role played by the bottom quark mass becomes very important. Indeed, in Fig.2b we confirm that the external self-energies (basically the one from the b-line) give the bulk of the corrections displayed in Fig.2a , whereas the (finite) vertex effect is comparatively much smaller and its yield becomes rapidly saturated. The existence of potentially large SUSY-QCD corrections in the decay H + → tb could be foreseen from the work of Ref. [13] , where it is shown that the SUSY-QCD bottom mass corrections are proportional to µ tan β (for fixed, nonvanishing, µ and large tan β). In our case, these corrections are fed into the counterterm δm b /m b on eq. (3) and, when viewed in terms of diagrams of the electroweak-eigenstate basis, they appear as finite contributions proportional to M b LR generated from squark-gluino loops 2 .
From Fig.3a we read off the incidence of the parameter µ on δg for various tan β. We see that the SUSY-QCD correction is extremely sensitive to µ both on its value and on its sign. For this reason we have explored a moderate range of µ values. It turns out that the sign of the SUSY-QCD correction is basically opposite to the sign of µ, and the respective corrections for +µ and for −µ take on approximately the same absolute value.
Worth noticing is also the dependence on the gluino mass (Fig.3b) . The various steep falls in that figure are associated to the presence of threshold effects occurring at points satisfying mg + mt 1 ≃ m t . An analogous situation was observed in Ref. [6] for the SUSY corrections to the standard top-quark decay. Away from the threshold points, the behaviour of δg is smooth and perfectly consistent with perturbation theory. On the other hand, the sensitivity on mt 1 is not dramatic, as can also be appraised in Fig.3b . This is to be expected from the fact mentioned above that it is the bottom (not the top) selfenergy that dominates the corrections. Virtually for any mt 1 , there emerges an important correction which raises a long way with the gluino mass before bending -very gentlyinto the decoupling regime, as we have checked. The fact that the decoupling rate of the gluinos appears to be so slow has an obvious phenomenological interest.
In Fig.4a we analyze in detail the SUSY-QCD correction as a function of the sbottom masses. We find convenient to plot δg versus mb
1
, for fixed values of the other parameters and for various tan β. We see that even for mb 1 exceeding 250 GeV , and tan β > 10, the correction remains sizeable (δg > 10%). As another feature, in Fig.4b we realize that δg is not symmetric with respect to the sign of A b . Once the sign µ < 0 is chosen, the correction is larger for negative values of A b than for positive values. We have erred on the conservative side by choosing A b = +300 GeV wherever this parameter is fixed.
In Fig.5 we compare the one-loop SUSY-QCD corrections with the standard O(α s )
QCD corrections as a function of M H + and different values of tan β. For the latter corrections we use the full analytical formulae of Ref. [9] 3 . In the limit M H + ≫ m t , the standard QCD correction boils down to the simple expression
This formula is very convenient to understand the asymptotic behaviour. However, as
we have checked, it is inaccurate for the present range of values of m t unless M H + is 2 In the absence of sbottom mixing, i.e. M b LR = 0, the large contribution δm b /m b ∼ −µ tan β is no longer possible, but then the vertex correction does precisely inherits this behaviour and compensates for it. However, the condition M b LR = 0, combined with a large value of tan β, leads to an scenario characterized by a value of A b which overshoots the natural range expected for this parameter [14] . 3 We have corrected several misprints on eq.(5.2) of Ref. [9] .
extremely large (beyond 1 T eV ).
Remarkably, we recognize from Fig.5 that the supersymmetric QCD effects (δg) can be comparable or even larger than the conventional QCD corrections (δ g ). For a given tan β, the relative size of the SUSY-QCD effects versus the standard QCD effects depends on the value of M H + . Notwithstanding, it is clear that δg remains fairly insensitive to M H + .
Some discussion on previous work is in order. A first study of the SUSY-QCD corrections to the hadronic width of a charged Higgs boson is performed in Refs. [15] . However, these references either use a too simplified set of assumptions on the spectrum of gluinos and squarks (e.g. all squarks are assumed unmixed and degenerate) and/or m b = 0 is assumed, so that the local behaviours of δg and the crucial effect from finite bottom mass corrections at large tan β are fully unnoticed.
Although we have concentrated on the computation of the QCD corrections, it is legitimate to worry about the larger and far more complex body of electroweak quantum effects, especially those coming from possible enhanced Yukawa couplings. A full analysis is under way and will be presented elsewhere [16] , but a few comments may be necessary [16] leads to the conclusion that the over-all leading electroweak supersymmetric effects, though not negligible, remain comparatively small and do not drastically alter the SUSY-QCD picture presented here.
In conclusion, we have presented a fairly complete treatment of the SUSY-QCD cor-rections to the partial width of the top quark decay of a charged Higgs boson and have put forward plenty of evidence that they can be rather large (typically between 10% − 50%), slowly decoupling and of both signs. Consequently, they can either reinforce the conventional QCD corrections or counterbalance them, and even reverse their sign; the QCD corrections would then be found much "larger", "missing" or with the "wrong" sign,
respectively. This should be helpful to differentiate H + from alternative charged pseudoscalar decays leading to the same final states. Ultimately, the precise knowledge of the quantum effects on H + → tb should provide the characteristic features necessary to pin down the supersymmetric nature of a heavy charged Higgs hypothetically discovered in the next generation of experiments at the Tevatron and at the LHC. As we have shown, the mechanisms capable of producing a charged Higgs scalar in a hadron collider, e.g. tb and bt fusion, which can be greatly enhanced at large tan β, are very sensitive to potentially large SUSY-QCD quantum effects. If these effects are eventually found, they could be the smoking gun needed to recognize that the produced H ± in a hadron collider is, truly, a SUSY Higgs. After submiting this paper, we have noticed the work of Ref. [18] dealing with the same subject.
Figure Captions
• Fig.1 (a) SUSY-QCD Feynman diagrams, up to one-loop order, correcting the partial width of H + → tb; (b) Typical charged-Higgs production mechanism at hadron colliders.
• Fig.2 (a) SUSY-QCD corrected Γ(H + → tb) -eq. (11) -(in GeV ) as a function of tan β, compared to the corresponding tree-level width, Γ 0 . Also shown are the partial widths of the alternative decays H + → τ + ν τ and H + → W + h 0 . The topquark mass is m t = 175 GeV ; (b) Comparative effects from the (finite) vertex and self-energies as a function of tan β. The fixed parameters for (a) and (b) are given in the frame.
• Fig.3 (a) Dependence of the relative SUSY-QCD correction δg, eq.(15), upon the supersymmetric Higgs mixing mass parameter, µ; (b) Evolution of the SUSY-QCD correction in terms of the gluino mass for mt 1 = 65, 80, 100 GeV , tan β = 30. Rest of inputs as in Fig.2 .
• Fig.4 (a) δg as a function of mb 
